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1
SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method for manufacturing the same.

2. Description of the Related Art

Inrecentyears, in a solid-state imaging device which is one
type of semiconductor device, in order to increase the amount
of light incident on a photoelectric conversion portion, a
solid-state imaging device having an optical waveguide has
been proposed.

Japanese Patent Laid-Open No. 2009-272568 has dis-
closed a solid-state imaging device having an etch stop film
used for forming a waveguide. In addition, Japanese Patent
Laid-Open No. 2009-272568 has also disclosed the structure
in which a high-refractive-index member forming a
waveguide is provided on a pad portion. The present inventors
found out the following problems. According to the structure
of' the solid-state imaging device describe in Japanese Patent
Laid-Open No. 2009-272568, a step is unfavorably formed
between an imaging region and a peripheral region. Since
irregularity in thickness of an insulating layer is generated by
the step, for example, irregularity in image and irregularity in
color are generated in the imaging region. In addition, it is
difficult to form a structural body, such as an on-chip color
filter or an on-chip microlens, on a layer having a step with a
high precision. In addition, also in semiconductor devices
other than solid-state imaging device, the height of the device
is increased concomitant with an increase in degree of inte-
gration, and as a result, there has been a problem in that the
planarization cannot be easily performed in a manufacturing
process.

As described above, according to Japanese Patent Laid-
Open No. 2009-272568, it has been difficult to provide a
semiconductor device having a high precision and to form a
semiconductor device with a high precision. In consideration
of'the above problems, the present inventors provide a method
for manufacturing a semiconductor device which can easily
perform planarization and a semiconductor device in which
planarization is performed.

SUMMARY OF THE INVENTION

A semiconductor device according to one aspect of the
present invention comprises a semiconductor substrate
including a first region and a second region; an insulator
which is arranged in the first region and the second region of
the semiconductor substrate and which has an opening in the
first region; a wiring layer enclosed by the insulator; a first
member provided inside the opening and on the insulator in
the second region; and a plug which includes a conductive
material, which penetrates the first member provided on the
insulator in the second region, and which is connected to the
wiring layer.

In addition, a method for manufacturing a semiconductor
substrate according to another aspect of the present invention
is a method for manufacturing a semiconductor device which
has a semiconductor substrate including a first region and a
second region, an insulator arranged in the first region and the
second region of the semiconductor substrate, and a wiring
layer enclosed by the insulator, and the above method com-
prises the steps of: forming openings in a portion of the
insulator arranged in the first region; forming a first member
inside the openings and on the insulator in the second region
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after the step of forming openings; forming a through hole by
removing at least a part of a portion of the first member
arranged in the second region; and forming a plug.

In addition, a method for manufacturing a semiconductor
substrate according to another aspect of the present invention
is a method for manufacturing a semiconductor device which
has a semiconductor substrate including a first region and a
second region, an insulator including a first silicon nitride
film arranged in the first region and the second region of the
semiconductor substrate and a first silicon oxide film pro-
vided on the first silicon nitride film, and a wiring layer which
is enclosed by the insulator and which is provided under the
first silicon nitride film. The method for manufacturing a
semiconductor device described above comprises the steps
of: forming openings in a portion of the insulator arranged in
the first region; forming a first member including a second
silicon nitride film inside the openings and on the first silicon
oxide film of the insulator in the second region after the step
of forming openings; forming a second silicon oxide film on
the second silicon nitride film in the second region, and form-
ing a through hole by removing parts of portions of the first
silicon nitride film, the first silicon oxide film, the second
silicon nitride film, and the second silicon oxide film which
are arranged in the second region to expose the wiring layer,
and the step of forming a through hole includes a step of
forming an opening in the first silicon nitride film, a step of
forming an opening in the first silicon oxide film, a step of
forming an opening in the second silicon nitride film, and a
step of forming an opening in the second silicon oxide film.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are schematic cross-sectional views each
showing a method for manufacturing a solid-state imaging
device of Example 1.

FIGS. 2A to 2C are schematic cross-sectional views each
showing the method for manufacturing a solid-state imaging
device of Example 1.

FIG. 3 is a schematic view showing a planar structure of the
solid-state imaging device of Example 1.

FIGS. 4A to 4C are schematic cross-sectional views each
showing a method for manufacturing a solid-state imaging
device of Example 2.

FIGS. 5A and 5B are schematic cross-sectional views each
showing the method for manufacturing a solid-state imaging
device of Example 2.

FIGS. 6A and 6B are schematic cross-sectional views each
showing the method for manufacturing a solid-state imaging
device of Example 2.

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention and, together with the description,
serve to explain the principles of the invention.

DESCRIPTION OF THE EMBODIMENTS

The present invention can be applied to a semiconductor
device having the structure in which a first region and a
second region are provided in a semiconductor substrate, an
insulator is provided thereon, a plurality of openings is pro-
vided in the insulator in the first region and the openings in the
first region are filled with a filling member. In the structure as
described above, a conductive plug penetrating the filling
member which extends in the second region is provided.
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The semiconductor device of the present invention can be
applied, for example, to a solid-state imaging device. A solid-
state imaging device is a semiconductor device having a
semiconductor substrate on which photoelectric conversion
portions and optical waveguides are arranged. In particular,
the present invention can be applied to the case in which
optical waveguides are formed, for example, by forming
openings to correspond to the photoelectric conversion por-
tions and filling a high refractive index material in the open-
ings. In this case, the first region is an imaging region includ-
ing the photoelectric conversion portions, and the second
region is a peripheral region in which circuits processing
signals generated in the photoelectric conversion portions are
arranged. A plug penetrating the filling member of the optical
waveguide which extends on the insulator in the peripheral
region is provided. The plug has a function, for example, to
electrically connect pads and/or wires in the peripheral region
to wires provided thereunder. By the structure as described
above in which the plug is provided to penetrate the filling
member of the optical waveguide which extends on the insu-
lator in the peripheral region, the flatness of the solid-state
imaging device can be improved.

A preferable embodiment of the present invention will be
described using a solid-state imaging device by way of
example. First, a method for manufacturing a solid-state
imaging device will be described. A semiconductor substrate
101 includes an imaging region 103 in which a plurality of
photoelectric conversion portions 105 are arranged and a
peripheral region 104 in which circuits processing signals
from the photoelectric conversion portions 105 are arranged.
An insulator is arranged on the semiconductor substrate 101.
The insulator includes, for example, a plurality of interlayer
insulating films 113a to 113e. A planarization treatment is
appropriately performed on the interlayer insulating films
113a to 113e, and an upper surface of the insulator is made
flat.

First, openings 116 are formed in the insulator. The open-
ings are formed at positions which overlap the photoelectric
conversion portions 105 in plan. Many photoelectric conver-
sion portions 105 can be arranged in the imaging region 103.
Therefore, the density of the opening thus arranged in the
imaging region 103 is higher than that in the peripheral region
104.

Next, a first waveguide member 118 (first member) is
formed on the insulator in which the openings are formed.
The first waveguide member 118 is formed on the insulator
arranged in the imaging region 103 so as to fill the insides of
the openings 116 described above. Furthermore, the first
waveguide member 118 is also formed on the insulator
arranged in the peripheral region 104. In this step, the whole
insides of the openings are not necessarily filled. Some air
voids may remain inside the openings.

A portion of the first waveguide member 118 arranged in
the peripheral region 104 is removed. As a removal method,
for example, etching or lift-off may be used. The portion of
the first waveguide member 118 to be removed will be
described when viewed in plan and when viewed in a depth
direction.

When viewed in plan, at least a part of the portion of the
first waveguide member 118 arranged in the peripheral region
104 is removed. Most of the portion of the first waveguide
member 118 arranged in the peripheral region 104 is prefer-
ably removed. The whole surface of the portion of the first
waveguide member 118 arranged in the peripheral region 104
is more preferably removed.

As the degree of removal in a depth direction, at least a part
of'the first waveguide member 118 may be removed. That is,
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4

the thickness of the first waveguide member 118 arranged in
the peripheral region 104 may be at least decreased. The
removal is preferably performed to remain a part of the first
waveguide member 118 so as not to expose the insulator
functioning as an underlayer. However, all of the first
waveguide member 118 may be removed in a depth direction.
That is, the first waveguide member 118 may be removed
until the insulator functioning as an underlayer is exposed.

After the portion of the first waveguide member 118
arranged in the peripheral region 104 is removed, the imaging
region 103 and the peripheral region 104 are planarized.
Accordingly, an upper surface of the first waveguide member
118 is made flat.

Subsequently, in order to electrically connect conductive
members forming wires to each other, a conductive plug 121
is formed. The plug 121 is formed by forming a through hole
in a region in which the plug 121 is to be formed and filling a
conductive member in the through hole. The formation of the
through hole includes a step of forming an opening in an
interlayer insulating film 119, a step of forming an opening in
the first waveguide member 118, and a step of forming an
opening in the interlayer insulating film 113e and a diffusion
preventing film 115. The openings of the individual films and
member are provided continuously to form a through hole. In
addition, the plug 121 is formed by providing a conductive
member in the through hole. A third wiring layer is formed on
the plug 121. Next, a planarizing layer 126 is formed. Since
only the thickness of the third wiring layer forms a step, the
flatness of the planarizing layer 126 is improved as compared
to that of a related solid-state imaging device. Since the flat-
ness of the planarizing layer 126 is improved, an on-chip
color filter and/or an on-chip microlens can then be formed
with a high precision.

In a method for manufacturing a semiconductor device, in
general, a plurality of chips is formed in one wafer. In par-
ticular, in the solid-state imaging device, the imaging regions
103 and the peripheral regions 104 are alternately arranged at
a relatively long cycle. Therefore, the step is liable to be
generated at along cycle. Since it is difficult to reduce the step
as described above by chemical mechanical polishing (CMP)
or a planarizing layer, in a related method for manufacturing
a solid-state imaging device, the above problem has been
particularly serious. Therefore, when the present invention is
applied to a method for manufacturing a solid-state imaging
device, the effect obtained thereby is significant.

Although the case in which electrons are used as signal
charges will be described, of course, holes may also be used
as signal charges. When holes are used as signal charges, the
conductive types of semiconductor regions may be reversed.

EXAMPLE 1

A firstexample of a method for manufacturing a solid-state
imaging device according to the present invention will be
described with reference to the drawings. FIGS. 1A to 2C are
schematic views each showing a cross-sectional structure of a
solid-state imaging device in each step of this example.

A solid-state imaging device 100 has a semiconductor
substrate 101. A semiconductor substrate is a semiconductor
material portion among members forming a solid-state imag-
ing device. For example, the semiconductor substrate
includes a substrate in which a semiconductor region is
formed in a semiconductor wafer by a known semiconductor
manufacturing process. For example, silicon may be men-
tioned as a semiconductor material. An interface between the
semiconductor material and another material is a principal
surface 102 of the semiconductor substrate. For example, the
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another material is a thermally-oxidized film or the like which
is arranged on the semiconductor substrate in direct contact
therewith.

In this example, a known semiconductor substrate can be
used for the semiconductor substrate 101. A p-type semicon-
ductor region and an n-type semiconductor region are
arranged in the semiconductor substrate 101. Reference
numeral 102 indicates the principal surface of the semicon-
ductor substrate 101. In this example, the principal surface
102 is an interface between the semiconductor substrate 101
and the thermally-oxidized film (not shown) laminated
thereon. The semiconductor substrate 101 has an imaging
region 103 in which a plurality of pixels is arranged and a
peripheral region 104 in which signal processing circuits
processing signals from the pixels are arranged. The imaging
region 103 and the peripheral region 104 will be described
later.

In addition, in this specification, a flat plane is a plane
parallel to the principal surface 102. For example, the princi-
pal surface 102 in a region in which photoelectric conversion
portions, which will be described later, are arranged or the
principal surface 102 on a channel of an MOS transistor may
be used as the base. In this specification, a cross section is a
plane which perpendicularly intersects the flat plane.

In a step shown in FIG. 1A, individual semiconductor
regions are formed in the semiconductor substrate 101, and
gate electrodes and multilayer wires are formed above the
semiconductor substrate 101. In the imaging region 103 of the
semiconductor substrate 101, photoelectric conversion por-
tions 105, a floating diffusion (hereinafter referred to as
“FD’) 106, and source/drain regions of a pixel-transistor well
107 are formed. The photoelectric conversion portion 105 is,
for example, a photodiode. The photoelectric conversion por-
tion 105 includes an n-type semiconductor region arranged in
the semiconductor substrate 101. Electrons generated by pho-
toelectric conversion are collected in the n-type semiconduc-
tor region of the photoelectric conversion portion. The FD
106 is an n-type semiconductor region. Electrons generated in
the photoelectric conversion portion 105 are transferred to the
FD 106 and are converted into a voltage. The FD 106 is
electrically connected to an input node of an amplification
portion. Alternatively, the FD 106 is electrically connected to
a signal output line. In this example, the FD 106 is electrically
connected to an amplification-transistor gate electrode 1105
through a plug 114. In the pixel-transistor well 107, source/
drain regions of an amplification transistor which amplifies a
signal, a reset transistor which resets an input node of the
amplification transistor, and the like are formed. A peripheral-
transistor well 108 is formed in the peripheral region 104 of
the semiconductor substrate 101. Source/drain regions of a
peripheral transistor forming a signal processing circuit are
formed in the peripheral-transistor well 108. In addition, an
element isolation portion 109 may be formed in the semicon-
ductor substrate 101. The element isolation portion 109 elec-
trically isolates a pixel transistor or a peripheral transistor
from other elements. The element isolation portion 109 is, for
example, sallow trench isolation (STI) or local oxidation of
silicon (LOCOS).

In addition, in this step, a transfer gate electrode 110a and
the gate electrodes 1105 are formed. The transfer gate elec-
trode 1104 and the gate electrodes 1105 are arranged on the
semiconductor substrate 101 with an oxide film (not shown)
provided therebetween. The transfer gate electrode 110a con-
trols transfer of a charge between the photoelectric conver-
sion portion 105 and the FD 106. The gate electrodes 1105 are
the gate of the pixel transistor and that of the peripheral
transistor.
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Furthermore, in this step, a protective layer 111 is formed
on the semiconductor substrate 101. For example, the protec-
tive layer 111 is formed of a silicon nitride film. In addition,
the protective layer 111 may also be formed of a plurality of
layers containing a silicon nitride film and a silicon oxide
film. The protective layer 111 may have a function to reduce
damage done to the photoelectric conversion portion in a
subsequent step. Alternatively, the protective layer 111 may
also have an antireflection function. Alternatively, the protec-
tive layer 111 may also have a function to prevent diffusion of
ametal in a silicide step. In addition, an etch stop member 117
is formed on the protective layer 111 at a side opposite to the
semiconductor substrate 101. An area of the etch stop mem-
ber 117 is preferably larger than an area of a bottom of the
opening 116 which will be formed later. In addition, the
protective layer 111 and the etch stop member 117 are not
necessarily formed.

Subsequently, a first wiring layer 1124, a second wiring
layer 11254, and the plurality of interlayer insulating films
113a to 113e are formed. In this example, the first wiring
layer 112a and the second wiring layer 1125 are formed by a
damascene method. For convenience, the interlayer insulat-
ing films are designated by a first to a fifth interlayer insulat-
ing film 113a to 113e in this order from the semiconductor
substrate 101.

The first interlayer insulating film 113qa is formed in the
imaging region 103 and the peripheral region 104. A surface
of the first interlayer insulating film 113a opposite to the
semiconductor substrate 101 may be planarized, if needed.
Through holes are formed in the first interlayer insulating film
113a. The plug 114 which electrically connects a conductive
member of the first wiring layer 112 and the semiconductor
region of the semiconductor substrate 101 is arranged in each
through hole. The plug 114 is formed of a conductive mate-
rial. For example, the plug 114 is formed of tungsten.

Next, the second interlayer insulating film 1135 is formed
on the first interlayer insulating film 113a at a side opposite to
the semiconductor substrate 101. Portions of the second inter-
layer insulating film 1135 each corresponding to a region in
which the conductive member of the first wiring layer 112a is
arranged are removed by etching. Subsequently, a metal film
used as a material of the first wiring layer is formed in the
imaging region 103 and the peripheral region 104. Next, the
metal film is removed until the second interlayer insulating
film is exposed by a method, such as CMP. By the procedure
as described above, the conductive member forming the wire
of the first wiring layer 1124 is arranged to have a predeter-
mined pattern.

Then, the third interlayer insulating film 113¢ and the
fourth interlayer insulating film 1134 are formed in the imag-
ing region 103 and the peripheral region 104. Next, portions
of'the fourth interlayer insulating film 1134 each correspond-
ing to a region in which a conductive member of the second
wiring layer 1125 is arranged are removed by etching. Sub-
sequently, portions of the third interlayer insulating film 113¢
each corresponding to a region in which a plug which elec-
trically connects the conductive member of the first wiring
layer 112a and the conductive member of the second wiring
layer 1125 is arranged are removed by etching. Then, a metal
film used as a material of the second wiring layer and the
plugs is formed in the imaging region 103 and the peripheral
region 104. Next, the metal film is removed until the fourth
interlayer insulating film is exposed by a method, such as
CMP. By the procedure as described above, a wiring pattern
of'the second wiring layer 1125 and a pattern of the plugs are
obtained. Alternatively, after the third interlayer insulating
film 113¢ and the fourth interlayer insulating film 1134 are
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formed, the portions each corresponding to the region in
which the plug which electrically connects the conductive
member of the first wiring layer 112a and the conductive
member of the second wiring layer 1125 is arranged may be
first removed by etching.

Finally, the fifth interlayer insulating film 113e is formed in
the imaging region 103 and the peripheral region 104. A
surface of the fifth interlayer insulating film 113e opposite to
the semiconductor substrate 101 may be planarized by a
method, such as CMP, if needed.

In addition, the first wiring layer 112a¢ and the second
wiring layer 1126 may be formed by a method other than a
damascene method. One example of the method other than a
damascene method will be described. After the first interlayer
insulating film 113a is formed, a metal film used as a material
of the first wiring layer is formed in the imaging region 103
and the peripheral region 104. Next, a portion of the metal
film other than a region in which the conductive member of
the first wiring layer 1124 is arranged is removed by etching.
By this step, a wiring pattern of the first wiring layer 112a is
obtained. Subsequently, the second interlayer insulating film
1134 and the third interlayer insulating film 113¢ are formed,
and the second wiring layer 1125 is formed as in the case
described above. After the second wiring layer 1124 is
formed, the fourth interlayer insulating film 1134 and the fifth
interlayer insulating film 113e are formed. A surface of the
third interlayer insulating film 113¢ and that of the fifth inter-
layer insulating film 113e opposite to the semiconductor sub-
strate 101 are planarized, if needed.

The first wiring layer 112a and the second wiring layer
1125 are arranged at different heights from the principal
surface of the semiconductor substrate 101 which is used as
the base. In this example, the conductive member of the first
wiring layer 1124 and that of the second wiring layer 1125 are
each formed of copper. As long as a conductive material is
used for the conductive member, a material other than copper
may also be used. Except for a portion other than that elec-
trically connected by the plug, the conductive member of the
first wiring layer 1124 and that of the second wiring layer
1124 are insulated from each other with the interlayer insu-
lating film 113c¢. In addition, the number of the wiring layers
is not limited to two, and the wiring layer may be a single
layer or a laminate containing at least three layers.

In addition, in each place between the individual interlayer
insulating films, an etch stop film, a metal-diffusion prevent-
ing film, or a film having the two functions of the above two
films may be arranged. In this example, the interlayer insu-
lating films 113ato 113e are each a silicon oxide film. For the
silicon oxide film, a silicon nitride film functions as a metal-
diffusion preventing film. Hence, the diffusion preventing
film 115 is arranged in each place between the interlayer
insulating films. In addition, the diffusion preventing film 115
is not necessarily arranged.

In FIG. 1B, the openings 116 are each formed in a region of
the interlayer insulating films 113a to 113e which overlaps
the photoelectric conversion portion 105 in plan. When the
diffusion preventing films 115 are arranged, the openings are
also formed therein.

First, a mask pattern (not shown) for etching is laminated
on the interlayer insulating film 113e at a side opposite to the
semiconductor substrate 101. The mask pattern for etching is
arranged in a region other than the region in which the open-
ings 116 are to be arranged. In other words, the mask pattern
for etching has openings in regions in which the openings 116
are to be arranged. The mask pattern for etching is a photo-
resist patterned, for example, by photolithography and devel-
opment.
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Subsequently, the interlayer insulating films 113a to 113e
and the diffusion preventing films 115 are etched by using the
mask pattern for etching as a mask. Accordingly, the openings
116 are formed. In addition, by performing etching steps
having different conditions, the openings 116 may be formed.
The mask pattern for etching may be removed after the etch-
ing.

When the etch stop member 117 is arranged, in the step
shown in FIG. 1B, etching is preferably performed until the
etch stop member 117 is exposed. The etch stop member 117
preferably has a lower etching rate under etching conditions
for etching the interlayer insulating film 113« than the etching
rate thereof. When the interlayer insulating film 113a is a
silicon oxide film, the etch stop member 117 may be formed
of a silicon nitride film or a silicon oxynitride film. In addi-
tion, by performing etching steps having different conditions,
the etch stop member 117 may be exposed.

As for the cross-sectional shape of the opening 116, the
opening 116 is not necessarily to penetrate all the first to the
fifth interlayer insulating film 113a to 113e. A recess of the
fifth interlayer insulating film 113e may be the opening 116.
In addition, the opening 116 may penetrate only some of the
firstto the fifth interlayer insulating films 113a to 113e. As for
the planar shape of the opening 116, the boundary thereof is
aclosed loop, such as a circle or a quadrangle. In addition, the
planar shape of the opening 116 may be a groove or the like
extending over the photoelectric conversion portions 105.
That is, in this specification, when a region in a certain plane
in which the interlayer insulating film 113e is not arranged is
enclosed by a region in which the interlayer insulating film
113eis arranged or is sandwiched between regions, in each of
which the interlayer insulating film 113e is arranged, it is
regarded that the interlayer insulating film 113e has the open-
ing 116.

As for the position of the opening 116 in plan, at least a part
of the opening 116 is arranged to overlap the photoelectric
conversion portion 105 in plan. That is, when the opening 116
and the photoelectric conversion portion 105 are projected on
the same plane, there is a region in which both the opening
116 and the photoelectric conversion portion 105 are pro-
jected on the same plane.

In this example, the openings 116 are formed in regions
which overlap the respective photoelectric conversion por-
tions 105, and no openings 116 are formed in the peripheral
region 104. However, the openings 116 may also be formed in
the peripheral region 104. In the case described above, the
density of the opening 116 formed in the imaging region 103
may be higher than that of the opening 116 formed in the
peripheral region 104. The density of the opening 116 can be
determined by the number of the openings 116 arranged per
unit area. Alternatively, the density of the opening 116 may
also be determined by the rate of an area of the openings 116.

In FIG. 1C, the first waveguide member 118 (first member)
is formed inside the openings 116 and on the fifth interlayer
insulating film 113e. In particular, the first waveguide mem-
ber 118 is formed in the imaging region 103 and the periph-
eral region 104. Formation of the first waveguide member 118
can be performed by film formation using chemical vapor
deposition (CVD) or sputtering or by application of an
organic material represented by a polyimide resin. In addi-
tion, by using steps having different conditions, the first
waveguide member 118 may also be formed. For example,
the first waveguide member 118 may be formed in such a way
that a first step is performed under conditions in which the
adhesion to an underlayer is increased and a next step is
performed under conditions in which filling properties into
the opening 16 are improved. Alternatively, the first
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waveguide member 118 may be formed by sequentially using
different materials. For example, the first waveguide member
118 may be formed in such a way that a silicon nitride film is
first deposited, and an organic material having high filling
properties is then deposited. In addition, in the step shown in
FIG. 1B, when the first interlayer insulating film 113a is
etched until the etch stop member 117 is exposed, the first
waveguide member 118 is arranged so as to be in contact with
the etch stop member 117.

As amaterial of the first waveguide member 118, a material
having a higher refractive index than that of each of the
interlayer insulating films 1134 to 113e may be used. When
the interlayer insulating films 1134 to 113e are each a silicon
oxide film, as the material ofthe first waveguide member 118,
for example, a silicon nitride film or a polyimide-based
organic material may be mentioned. The silicon nitride film
has a refractive index in a range of 1.7 to 2.3. The refractive
index of a surrounding silicon oxide film is in a range of 1.4
to 1.6. Therefore, based on Snell’s law, light incident on the
interface between the first waveguide member 118 and each
of the interlayer insulating films 113a to 113e is reflected.
Accordingly, the light can be confined inside the first
waveguide member 118. In addition, the content of hydrogen
in a silicon nitride film can be increased, and by a hydrogen
supply effect, dangling bonds of the substrate can be termi-
nated. Hence, noises, such as white spots, can be reduced. The
refractive index of a polyimide-based organic material is
approximately 1.7. The filling properties of the polyimide-
based organic material are superior to those of a silicon nitride
film. The material of the first waveguide member 118 is
appropriately selected in consideration of balance between
the optical properties, such as the difference in refractive
index, and the advantages from a manufacturing point of
view.

Hereinafter, the positional relationship between the first
waveguide member 118 arranged in the openings 116 and the
interlayer insulating films 113a to 113e will be described. A
region in a certain plane in which the first waveguide member
118 is arranged is enclosed by or sandwiched between regions
in which the interlayer insulating films 113« to 113e are
arranged. In other words, along a direction intersecting a
direction in which the photoelectric conversion portion 105
and the first waveguide member 118 arranged in the opening
116 are disposed, a first portion of the interlayer insulating
films 113a to 113e, a second portion thereof different from the
first portion, and the first waveguide member 118 arranged in
the opening 116 are disposed. The direction intersecting the
direction in which the photoelectric conversion portion 105
and the first waveguide member 118 arranged in the opening
116 are disposed is, for example, a direction parallel to the
principal surface 102 of the semiconductor substrate 101.

The first waveguide member 118 is arranged at a position
which overlaps the photoelectric conversion portions 105 in
the semiconductor substrate 101. The interlayer insulating
films 113ato 113e are arranged along the periphery of'the first
waveguide member 118. The refractive index of the material
forming the first waveguide member 118 is preferably higher
than that of each of the interlayer insulating films 113« to
113e. By the relationship between the refractive indexes as
described above, of the light incident on the first waveguide
member 118, the amount of light leaking to the interlayer
insulating films 113a to 113e can be reduced. Therefore,
when at least a part of the first waveguide member 118 is
arranged to overlap the photoelectric conversion portion 105,
the amount of light incident on the photoelectric conversion
portion 105 can be increased.
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The refractive index of the first waveguide member 118 is
not necessarily required to be higher than that of each of the
interlayer insulating films 113« to 113e. When it is configured
that light incident on the first waveguide member 118 is
prevented from leaking to the surrounding insulator, this
structure functions as an optical waveguide. For example, the
structure may be formed in such a way that a member reflect-
ing light is arranged along a side wall of the opening 116, and
the first waveguide member 118 is filled in the other portion of
the opening 116. In addition, air gaps may be present between
the first waveguide member 118 arranged in the opening 116
and the interlayer insulating films 113a to 113e. The air gap
may be in a vacuum state or may contain a gas. In the case
described above, the relationship in magnitude between the
refractive index of the material forming the first waveguide
member 118 and the refractive index of the material forming
each ofthe interlayer insulating films 113a to 113e may not be
particularly limited.

Subsequently, in a step shownin FIG. 2A, the portion of the
first waveguide member 118 arranged in the peripheral region
104 is removed. First, an etching mask (not shown) is lami-
nated on the first waveguide member 118. The etching mask
has an opening at a position of the peripheral region 104.
Next, the portion of the first waveguide member 118 arranged
in the peripheral region 104 is removed by etching.

In this step, the portion of the first waveguide member 118
arranged in the peripheral region 104 is preferably etched so
that only a predetermined thickness of the first waveguide
member 118 remains. Since the first waveguide member 118
having a predetermined thickness is present, damage done to
a semiconductor substrate side by etching can be reduced. Of
course, the first waveguide member 118 may be removed
until the fifth interlayer insulating film 113e is exposed.

In this example, the portion of the first waveguide member
118 arranged in the peripheral region 104 is all etched off. In
other words, the etching mask is not arranged in the periph-
eral region 104. As described above, the area to be etched is
preferably large. However, the portion of the first waveguide
member 118 arranged in the peripheral region 104 may only
be partially etched. In this example, the area indicates an area
in a flat plane.

A method for removing the portion of the first waveguide
member 118 arranged in the peripheral region 104 is not
limited to etching. For example, the first waveguide member
118 may be partially removed by lift-off. In particular, before
the first waveguide member 118 is formed, an underlayer film
is formed in the peripheral region 104. By removing the
underlayer film after the first waveguide member 118 is
formed, the first waveguide member 118 arranged on the
underlayer film is also removed at the same time.

In addition, in this step, the first waveguide member 118
arranged in the imaging region 103 may also be partially
removed.

In a step shown in FIG. 2B, a surface of the first waveguide
member 118 opposite to the semiconductor substrate 101 is
planarized. The first waveguide member 118 is planarized, for
example, by CMP, polishing, or etching. Planarization is per-
formed by CMP in this example.

In the step shown in FIG. 2B, the surface of the first
waveguide member 118 opposite to the semiconductor sub-
strate 101 is not required to be completely flat. A step of the
surface of the first waveguide member 118 opposite to the
semiconductor substrate 101 before the planarization is per-
formed may be reduced by the planarization step. For
example, in the peripheral region 104, the thickness of the
first waveguide member 118 after the planarization is per-
formed is preferably in a range of 200 to 500 nm. In addition,
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in an area of the imaging region 103 in which the opening 116
is not arranged, the thickness of the first waveguide member
118 after the planarization is performed is preferably in a
range of 50 to 350 nm.

In addition, in this example, the surface of the first
waveguide member 118 opposite to the semiconductor sub-
strate 101 is exposed in the planarization step. Therefore, the
exposed surface of the first waveguide member 118 arranged
in the imaging region 103 and the exposed surface of the first
waveguide member 118 arranged in the peripheral region 104
are planarized. When another member is formed on the first
waveguide member 118, an exposed surface of the another
member is planarized. Alternatively, when the first waveguide
member 118 is removed until the fifth interlayer insulating
film 113e functioning as an underlayer is exposed in the step
shown in FIG. 2A, the exposed surface of the fifth interlayer
insulating film 113e is planarized.

The planarization in this step may be performed so that the
step between the exposed surface in the imaging region 103
and the exposed surface in the peripheral region 104 is
reduced. Alternatively, the planarization may be performed so
that the inside of the exposed surface in the imaging region
103 is planarized, and the inside of the exposed surface in the
peripheral region 104 is simultaneously planarized.

Subsequently, in a step shown in FIG. 2C, the sixth inter-
layer insulating film 119, a third wiring layer 112¢, and inner-
layer lenses 120 are formed. First, the sixth interlayer insu-
lating film 119 is formed on the first waveguide member 118.
The sixth interlayer insulating film 119 is preferably formed
from the same material as that of the fifth interlayer insulating
film 113e. In this example, the sixth interlayer insulating film
119 is a silicon oxide film. Next, a through hole for forming
the plug 121 which electrically connects the predetermined
conductive member of the second wiring layer 1126 and a
predetermined conductive member of the third wiring layer
112¢ is formed. The plug 121 is formed in the through hole.
The plug 121 is formed, for example, of a conductive material
containing tungsten as a primary component and contains a
barrier metal.

In this example, a first step to a fourth step are performed as
aprocess for forming the through hole. The first step is a step
of forming an opening in the sixth interlayer insulating film
119, and the second step is a step of forming an opening in the
first waveguide member 118. The third step is a step of form-
ing an opening in the fifth interlayer insulating film 113e, and
the fourth step is a step of forming an opening in the diffusion
preventing film 115. On the second wiring layer on which the
through hole is to be formed, the diffusion preventing film
115, the fifth interlayer insulating film 113e, the first
waveguide member 118, and the sixth interlayer insulating
film 119 are laminated in this order from the second wiring
layer. In this case, as the diffusion preventing film 115, a first
silicon nitride film is used, and as the fifth interlayer insulat-
ing film 113e, a first silicon oxide film is used. In addition, as
the first waveguide member 118, a second silicon nitride film
is used, and as the sixth interlayer insulating film 119, a
second silicon oxide film is used. An opening, that is, the
through hole, is formed by performing etching on the region
of the laminated structure as described above.

In this case, when an etching rate of the silicon oxide film
is represented by A, and an etching rate of the silicon nitride
film is represented by B, in the first step and the third step,
etching is performed under conditions in which A>B is sat-
isfied, and in the second step and the fourth step, etching is
performed under conditions in which B>A is satisfied. In each
step, a film located under the film to be etched can be used as
an etch stop film. By the manufacturing method as described
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above, a through hole for plug formation can be formed with
a high precision. Besides the combination between a silicon
nitride film and a silicon oxide film, this method can also be
applied to the case in which two types of films are alternately
laminated to each other.

Furthermore, etching is preferably performed under con-
ditions in which a ratio A/B of the rate A to the rate B in the
third step is smaller than a ratio A/B of the rate A to the rate B
in the first step. Under the conditions as described above, the
difference between the amount of the second silicon oxide
film etched in the third step and the amount of the second
silicon nitride film etched therein can be decreased. There-
fore, the conformity in shape between the opening in the
second silicon oxide film and the opening in the second sili-
con nitride film can be maintained.

In addition, a reducing atmosphere level in the second step
is preferably increased than that in the fourth step. In order to
increase the reducing atmosphere level, for example, there
may be mentioned a step of increasing the amount of a reduc-
ing gas, a step of decreasing the amount of an oxidizing gas,
or a step of performing the above two steps at the same time.
By the conditions as described above, the second wiring layer
can be prevented from being oxidized, and decrease in elec-
trical properties can be suppressed.

In addition, a photoresist pattern is formed before the first
to the third steps are performed, and etching is performed
using the photoresist pattern as a mask in the first to the third
steps. However, in the last fourth step, after the photoresist
pattern is removed, etching is preferably performed using the
sixth interlayer insulating film 119, the first waveguide mem-
ber 118, and the fifth interlayer insulating film 113e as a mask.
The reason for this is that when a member formed of an
organic material, such as a photoresist, is present, carbon may
be scattered in etching and may be mixed with copper to
decrease the electrical properties.

Next, the third wiring layer 112¢ is formed. In this
example, the conductive member of the third wiring layer
112¢ is formed of aluminum. As a method for forming the
third wiring layer 112¢, the method described for forming the
first wiring layer 112a or the second wiring layer 1125 is
appropriately used.

Next, the inner-layer lenses 120 are formed. The inner-
layer lenses 120 are arranged to correspond to the respective
photoelectric conversion portions 105. The inner-layer lens
120 is formed, for example, of a silicon nitride film. A known
method may be used as a method for forming the inner-layer
lens 120. Subsequently, if needed, color filters, microlenses,
and the like are formed on the inner-layer lens 120 at a side
opposite to the semiconductor substrate 101.

FIG. 3 is a schematic view showing a planar structure of a
solid-state imaging device of this example. A cross-section
along the line AA shown in FIG. 3 is shown in FIGS. 1A to
2C.

In FIG. 3, the solid-state imaging device 100 includes the
imaging region 103 and the peripheral region 104. The imag-
ing region 103 may further include a light-receiving region
103a and a light-shading region 1034. In the imaging region
103, a plurality of pixels is arranged in a two-dimensional
matrix. A photoelectric conversion portion of a pixel arranged
in the light-shading region 1035 is shaded. A signal from the
pixel as described above can be used as the base of a black
level.

The peripheral region 104 is a region other than the imag-
ing region 103. In this example, vertical scanning circuits
302, horizontal scanning circuits 303, column amplifiers 304,
column analog to digital convertors (ADCs) 305, memories
306, a timing generator 307, and a plurality of pads 308 are
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arranged in the peripheral region 104. These circuits are cir-
cuits (signal processing circuits) for processing signals from
the pixels. In addition, some of the above circuits may not be
arranged.

In this example, a region in which the first waveguide
member 118 is removed is a region 301 outside a dashed line
shown in FIG. 3. As shown in FIG. 3, it is preferable that most
of the peripheral region 104 be the region 301.

In this example, when the first waveguide member 118 is
formed, in a surface used as an underlayer thereof, the open-
ings 116 are arranged. The openings 116 are arranged only in
the imaging region 103. Alternatively, the density of the open-
ing 116 arranged in the imaging region 103 is higher than the
density of the opening arranged in the peripheral region 104.
Therefore, compared to the region in which many openings
116 are arranged, the first waveguide member 118 is formed
thick in the region in which the number of the openings 116 is
small. That is, a step is formed between the region (imaging
region 103) in which many openings 116 are arranged and the
region (peripheral region 104) in which the number of the
openings 116 is small. Accordingly, when the portion of the
first waveguide member 118 arranged in the peripheral region
104 is removed, this step can be reduced.

EXAMPLE 2

A second example of the method for manufacturing a solid-
state imaging device according to the present invention will
be described. FIGS. 4A to 6B are schematic views each
showing a cross-sectional structure of a solid-state imaging
device in each step of this example. Portions having functions
similar to those described with reference to FIGS. 1A to 2C
are designated by the same reference numerals, and detailed
description is omitted.

FIG. 4A shows the same step as that shown in FIG. 2A of
Example 1. That is, FIG. 4A shows the state in which the
portion of the first waveguide member 118 arranged in the
peripheral region 104 is removed. The preceding steps and the
step shown in FIG. 4A of the manufacturing method of this
example are similar to the steps shown in FIGS. 1A to 2A.

In the step shown in FIG. 4B, a second waveguide member
122 (second member) is formed on the first waveguide mem-
ber 118 at a side opposite to the semiconductor substrate 101.
The second waveguide member 122 is formed in the imaging
region 103 and the peripheral region 104. In this example, the
difference between the step of forming the first waveguide
member 118 and the step of forming the second waveguide
member 122 is that between the above two steps, a step of
removing the portion of the first waveguide member 118
arranged in the peripheral region 104 is performed. There-
fore, the second waveguide member 122 may be formed using
the same material as that of the first waveguide member 118.
Alternatively, the second waveguide member 122 may be
formed by the same method as that used for forming the first
waveguide member 118. Of course, the second waveguide
member 122 may be formed using a material different from
that of the first waveguide member 118 and may be formed
using a method different from that for forming the first
waveguide member 118.

In this example, the first waveguide member 118 and the
second waveguide member 122 are formed from the same
material. In particular, the second waveguide member 122 is
formed from a silicon nitride. In this case, the second
waveguide member 122 can be formed by CVD or sputtering.
Alternatively, the second waveguide member 122 may be
formed by application of an organic material represented by a
polyimide resin.
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In this example, the first waveguide member 118 and the
second waveguide member 122 are both formed by CVD.
However, the process conditions therefor are different from
each other. In addition, the second waveguide member 122
may be formed by performing a plurality of steps under
different conditions. Furthermore, the second waveguide
member 122 may be formed by sequentially using a plurality
of different materials.

FIG. 4C shows a planarization step performed after the
second waveguide member 122 is formed. In this example, a
surface of the second waveguide member 122 opposite to the
semiconductor substrate 101 is planarized by CMP. The pla-
narization can be performed by a known method. For
example, the planarization may be performed by polishing or
etching. In addition, by the planarization, the first waveguide
member 118 or a member provided at a semiconductor sub-
strate 101 side than the second waveguide member 122 may
be exposed. In this example, the first waveguide member 118
is exposed in the peripheral region 104. In addition, the sec-
ond waveguide member 122 remains in the imaging region
103. However, the second waveguide member 122 may also
remain in the peripheral region 104.

In addition, in the step shown in FIG. 4C, the surface of the
second waveguide member 122 opposite to the semiconduc-
tor substrate 101 is not required to be completely flat. The step
of the surface of the second waveguide member 122 opposite
to the semiconductor substrate 101 before the planarization
step may be reduced thereby. For example, in the peripheral
region 104, the total thickness of the first waveguide member
118 and the second waveguide member 122, each of which is
planarized, is preferably in a range of 200 to 500 nm. In
addition, in a region of the imaging region 103 in which no
openings 116 are formed, the total thickness of the first
waveguide member 118 and the second waveguide member
122, each of which is planarized, is preferably in a range of 50
to 350 nm.

In addition, in this example, the surface of the second
waveguide member 122 opposite to the semiconductor sub-
strate 101 is exposed in the planarization step. When another
member is formed on the second waveguide member 122, an
exposed surface of the another member is planarized.

A low-refractive-index member 123 is formed in a step
shown in FIG. SA. The refractive index of the low-refractive-
index member 123 is lower than that of a member which is
arranged at the semiconductor substrate 101 side rather than
the low-refractive-index member 123 and which is in contact
therewith. The member arranged at the semiconductor sub-
strate 101 side rather than the low-refractive-index member
123 and in contact therewith is, in other words, a member
which is exposed before the low-refractive-index member
123 is formed. In this example, the first waveguide member
118 and the second waveguide member 122 correspond to the
member described above. That is, in this example, the refrac-
tive index of the low-refractive-index member 123 is lower
than the refractive index of each of the first waveguide mem-
ber 118 and the second waveguide member 122. In particular,
the low-refractive-index member 123 is formed using a sili-
con oxynitride film. The refractive index of the silicon oxyni-
tride film is approximately 1.72. In addition, the low-refrac-
tive-index member 123 is not necessarily provided. When the
low-refractive-index member 123 is not provided, the step
shown in FIG. 5A can be omitted.

A seventh interlayer insulating film 124 is formed in a step
shown in FIG. 5B. The seventh interlayer insulating film 124
is preferably formed from the same material as that of the fifth
interlayer insulating film 113e. The surface of the seventh
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interlayer insulating film 124 opposite to the semiconductor
substrate 101 may be planarized, if needed.

In a step shown in FIG. 6 A, a through hole 125 is formed at
a position of the seventh interlayer insulating film 124 which
overlaps the predetermined conductive member of the second
wiring layer 112b. The through hole 125 is formed, for
example, by etching. An etching method in this case may be
performed in a manner similar to that of Example 1. In this
etching, the etching rate of the silicon oxynitride film may
also be set in accordance with the idea similar to that
described above. Alternatively, the silicon oxynitride film
may be regarded as a silicon nitride film or a silicon oxide
film.

In the step shown in FIG. 6A, furthermore, the plug 121,
the third wiring layer 112¢, and the inner-layer lenses 120 are
formed. First, the plug 121 is formed in the through hole 125.
The plug 121 electrically connects the predetermined con-
ductive member of the second wiring layer 1126 and the
predetermined conductive member of the third wiring layer
112c.

Next, the third wiring layer 112¢ is formed. In this
example, the conductive member of the third wiring layer
112¢ is formed of aluminum. In addition, as a method for
forming the third wiring layer 112¢, the method described for
forming the first wiring layer 112a or the second wiring layer
11256 may be appropriately used. The conductive member of
the third wiring layer 112¢ may be formed of a metal other
than aluminum.

Next, the inner-layer lenses 120 are formed. The inner-
layer lenses 120 are arranged to correspond to the respective
photoelectric conversion portions 105. The inner-layer lens
120 is formed, for example, of a silicon nitride film. A known
method may be used as a method for forming the inner-layer
lens 120. In this example, a material forming the inner-layer
lens 120 is also arranged in the peripheral region 104. How-
ever, the material forming the inner-layer lens 120 may be
arranged only in the imaging region 103. In this case, the step
formed by the third wiring layer 112¢ can be made indistinc-
tive by the presence of the inner-layer lenses 120.

In addition, between the inner-layer lenses 120 and the
seventh interlayer insulating film 124, an intermediate mem-
ber having an intermediate refractive index between those of
the above two constituent elements may be arranged. In this
example, a silicon oxynitride film (not shown) is arranged
between the inner-layer lenses 120 and the seventh interlayer
insulating film 124. In particular, the refractive index of a
silicon nitride film (inner-layer lens 120) is approximately
2.00, the refractive index of an oxynitride silicon film (inter-
mediate member) is approximately 1.72, and the refractive
index of a silicon oxide film (seventh interlayer insulating
film 124) is approximately 1.45.

By the structure as described above, the reflectance can be
decreased. The above point will be described briefly. In gen-
eral, when light travels from a medium having a refractive
index n1 to a medium having a refractive index n2, the reflec-
tance increases as the difference between nl and n2 is
increased. In the case in which between the inner-layer lens
120 and the seventh interlayer insulating film 124, the inter-
mediate member having an intermediate refractive index
between those of the above two constituent elements is pro-
vided, the difference in refractive index at the interface is
decreased. As a result, compared to the case in which the
inner-layer lens 120 is arranged in contact with the seventh
interlayer insulating film 124, the reflectance obtained when
light is incident from the inner-layer lens 120 on the seventh
interlayer insulating film 124 can be decreased. As in the case
described above, between the seventh interlayer insulating
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film 124 and the second waveguide member 122, when the
low-refractive-index member 123 having an intermediate
refractive index between those of the above two constituent
elements is arranged, the difference in refractive index at the
interface is decreased. As a result, when light is incident on
the second waveguide member 122 from the seventh inter-
layer insulating film 124, the reflectance can be decreased.
The degree of decrease in reflectance caused by the
arrangement of the intermediate member is changed by the
relationship among a thickness d of the intermediate member,
a refractive index N thereof, and a wavelength p of incident
light. The reason for this is that multiple reflection lights from
a plurality of interfaces counteract each other. From a theo-
retical point of view, when k is an arbitrary integer greater
than or equal to 0, the reflectance is most decreased when the
conditions represented by a formula (1) is satisfied.

P (1
d= 75 0k+1)

That is, when the thickness of the intermediate member is
odd number times p/4N, the reflectance is most decreased
theoretically. Therefore, the thickness of the intermediate
member may be set based on the above formula (1). In par-
ticular, the thickness of the intermediate member preferably
satisfies the following formula (2). In the formula (2), the case
in which k=0 holds is most preferable.

r P @
IN 2k+05)<d < IN 2k +1.5)

For example, the case will be discussed in which the refrac-
tive index of the seventh interlayer insulating film 124 is 1.45,
the refractive index of the intermediate member is 1.72, the
refractive index of the inner-layer lens 120 is 2.00, and the
wavelength of incident light is 550 nm. In this case, when the
thickness of the intermediate member is assumed to be 80 nm,
the transmittance of light transmitting from the inner-layer
lens 120 to the seventh interlayer insulating film 124 is
approximately 1.00. On the other hand, the transmittance is
approximately 0.97 when the inner-layer lens 120 and the
seventh interlayer insulating film 124 are arranged in contact
with each other.

In the step shown in FIG. 6B, color filters 1274 and 1275
and microlenses 128 are formed. First, the eighth insulating
film (planarizing layer) 126 is formed on the inner-layer
lenses 120 at a side opposite to the semiconductor substrate
101. The eighth insulating film 126 is formed, for example, of
an organic material. A surface of the eighth insulating film
126 opposite to the semiconductor substrate 101 is pla-
narized, if needed. For example, when an organic material
forming the eighth insulating film 126 is applied, the eighth
insulating film 126 having a planarized surface at a side
opposite to the semiconductor substrate 101 can be formed.

Next, the color filters 127a and 1275 are formed. The color
filters 127a and 127 are arranged to correspond to the
respective photoelectric conversion portions 105. The wave-
length of light transmitting through the color filter 127a may
be different from the wavelength of light transmitting through
the color filter 1275. Then, the microlenses 128 are formed on
the color filters 127a and 1276 at a side opposite to the
semiconductor substrate 101. As a method for forming the
microlens 128, a known method may be used.
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According to the manufacturing method of this example,
planarization can be easily performed after the first
waveguide member 118 is formed. Therefore, when the inner-
layer lenses 120, the color filters 127, or the microlenses 128
are formed, the member thereof can be formed on an under-
layer having a high flatness. Therefore, the inner-layer lenses
120, the color filters 127, or the microlenses 128 can be
formed with a high precision. As a result, the image quality
can be improved.

[The Modification of Example 2]

In Example 2, after the second waveguide member 122 is
formed, the planarization step shown in FIG. 4C is per-
formed. However, after the planarization is performed fol-
lowing the step shown in FIG. 4A, the second waveguide
member 122 may be formed.

As has thus been described, according to the present inven-
tion, a semiconductor device having a high precision can be
provided. In addition, a semiconductor device can be manu-
factured with a high precision. In particular, a solid-state
imaging device having a high image quality can be provided
and manufactured. In addition, the above embodiments are
merely described as specific examples upon embodying the
present invention, and a technical scope of the present inven-
tion must not be limitedly interpreted thereby. That is, the
present invention can be carried out in various forms without
departing from its technical idea or its principal features. For
example, the individual examples described above may also
be appropriately used in combination.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-223299 filed Oct. 7, 2011 and No.
2011-026354 filed Feb. 9, 2011, which are hereby incorpo-
rated by reference herein in their entirety.

What is claimed is:

1. The semiconductor device comprising:

a semiconductor substrate including a first region and a
second region;
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an insulator which is arranged in the first region and the
second region of the semiconductor substrate and which
has an opening in the first region;

a wiring layer enclosed by insulator;

a first member provided inside the opening and on the
insulator in the second region;

a plug which includes a conductive material, which pen-
etrates the first member provided on the insulator
through a through hole formed by openings in the first
member and the insulator in the second region, and
which is connected to the wiring layer;

an insulating film on the first member, the insulating film
being penetrated by the plug together with the first mem-
ber;

another wiring layer on the insulating film and the plug;

a planarizing layer covering at least a part of the another
wiring layer; and

a color filter and a microlens on the planarizing layer.

2. The semiconductor device according to claim 1, further
comprising:

a photoelectric conversion portion provided in the first

region; and

a signal processing circuit which is provided in the second
region and which processes a signal from the photoelec-
tric conversion portion,

wherein the opening is located above and corresponds to
the photoelectric conversion portion, and

the first member has a refractive index higher than that of
the insulator and forms a waveguide with the insulator.

3. The semiconductor device according to claim 1, wherein
the insulator includes a plurality of insulating films.

4. The semiconductor device according to claim 1, further
comprising a second member provided inside the opening
and on the first member, wherein the plug penetrates the
second member and the first member.

5. The semiconductor device according to claim 1, wherein
in the second region, the insulator has a flat upper surface, and
the first member has a flat upper surface.

6. The semiconductor device according to claim 1, wherein
the conductive plug contacts the first member.

7. The semiconductor device according to claim 1, wherein
the first member includes a silicon nitride film.
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